Estrogenic chemicals present in the human diet or environment have been called xenoestrogens or environmental estrogens. Recently it has been suggested that xenoestrogens may have a role in the etiology of breast cancer (1, 2, 3) . Compounds that have been suggested to be xenoestrogens include pesticides, dyes, pollutants, plasticizers and food preservatives (2, (4) (5) (6) (7) . For example, the pesticide DDT and the food colorant Red Dye No. 3 have been shown to bind to the estrogen receptor (ER) and to stimulate proliferation of ER-positive breast cancer cells (2) . At the molecular level, DDT and Red Dye No. 3 mimic the effects of estradiol by stimulating breast cancer cells to enter the cell cycle (2, 8) . Entry into the cell cycle requires cyclin D1 synthesis, activation of cyclin-dependent kinase 2 (Cdk2), and retinoblastoma protein (pRblO5) hyperphosphorylation (2, 8) . Phosphorylation of pRb 105 by activated cyclin-dependent kinase can be detected as a migration shift using Western blot analyses after breast cancer cells are treated with estradiol, Red Dye No. 3, or DDT (8) (9) (10) (11) (18, 19) . However, genistein at lower concentrations has also been shown to increase the growth of ER-positive cells (19, 20) .
In this study, we examined the effects of dietary estrogens on cyclin D1 synthesis, Cdk2 activity, and pRb1O5 phosphorylation. By performing Cdk2 assays on MCF-7 breast cancer cells that were treated with low concentrations of genistein or zearalenone in addition to DDT, we also determined if genistein or zearalenone exhibited antiestrogenic activity. The ability of zearalenone and genistein to stimulate the expression of a reporter gene under the control of an estrogen response element in human breast cells stably transfected with this construct was also determined. 
Materials and Methods
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increased by n added with zearalenone luced by DDT, of the E2F family, which are required for S phase entrance (10) . Therefore, if dietary estrogens mimic the effects of estradiol on the cell cycle, then increased phosphorylation of pRblO5 should occur in breast cancer cells treated with dietary estrogens. Figure 5 shows that low levels of dietary estrogens (0.5 pM) induce hyperphosphorylation of pRblO5 that can be detected as a mobility shifted form of pRblO5 by Western blot analyses.
Discussion
The role, if any, that xenoestrogens have in the etiology of human breast cancer is controversial (1,2,15,17,22) . Some investigators have proposed that exposure to xenoestrogens may enhance the risk of developing breast cancer (1, 2, 22) . Some epidemiologic studies have supported this hypothesis (3), but others do not find any correlation with xenoestrogen exposure and breast cancer (14) . Additionally, it has been proposed that exposure to estrogenic chemicals in the diet may neutralize or somehow prevent xenoestrogens from having any significant biologic effect (17) .
Human diets contain plant-derived nonsteroidal estrogenic compounds (e.g., genistein). Other estrogenic molecules in the diet may include compounds produced by fungi (e.g., zearalenone) (20) . Additional estrogenic compounds in the diet may include zeranol, a synthetic derivative of zearalenone, which has been used as a hormonal growth-promoter in cattle (20 Our studies using molecular assays to evaluate the effects of dietary estrogens agree with previous reports (19, 20) (Figure 4) .
Under the proper conditions and concentrations, genistein has been reported to be a potent inhibitor of MCF-7 cell growth (18, 19 
